STUDIES TOWARDS THE TOTAL SYNTHESIS OF
(-)-COLOMBIASIN-A AND DEVELOPMENT OF NOVEL
SYNTHETIC METHODOLOGIES by G, KONDAJI
  Synopsis 
 
 I
 
SYNOPSIS 
The thesis entitled “Studies towards the total synthesis of (-)-Colombiasin-A 
and development of novel synthetic methodologies” has been divided into three 
chapters. 
Chapter -I: This chapter deals with the brief introduction of Mycobacterium tuberculosis 
and the earlier approaches cited in the literature for the total synthesis of 
colombiasin-A, which is active against Mycobacterium tuberculosis. 
Chapter -II: This chapter deals with the present work, i.e. studies towards the total 
synthesis of colombiasin-A. 
Chapter-III: This chapter deals with the development of new methodologies, which is 
further subdivided into two sections. 
Section A: This section describes the InCl3-catalyzed [3+2] cycloaddition 
reactions: Synthesis of the trans-dihydrobenzofurans and substituted 
cyclobutane derivatives. 
Section B: This section describes the introduction of the ionic liquids and 
intramolecular imino-Diels–Alder reactions and synthesis of 
tetrahydrochromanoquinolines. 
INTRODUCTION: 
Tuberculosis (TB), an airborne communicable disease, is caused by transmission of 
aerosolized droplets of Mycobacterium tuberculosis organism. The reasons for the increase 
in the number of tuberculosis cases are probably due to growing epidemic of HIV 
infection, malnutrition leading to reduced immunity, use of indiscriminate/inadequate 
chemotherapy and multi-drug resistance due to partial adherence to chemotherapy. In India 
alone, one person dies of TB every minute. Approximately 50% of the India’s populations 
are reported to be positive for tuberculin test. Every year about 0.4 million deaths and one 
million new cases of tuberculosis are reported. 
In 2000, Rodriguez and co workers isolated (-)-colombiasin-A from the West 
Indian Caribbean gorgonian, Pseudopterogorgiaelisabethane (Octocorallia) collected from 
San Andres Island, Colombia. This class of compounds (Fig-1) possesses diverse 
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significant biological activities against Mycobacterium tuberculosis H37Rv, as well as in 
vitro cancer cell cytotoxicity. 
  
Me
H
Me
Me O
O OH
Me
H
H
Me
Me
O
O
Me
H
OH
Me
O
O
OH
Me
Me
Me
H
O
O
OH
Me
Me
Me
OH
H
(-)-Colombiasin-A (-)-Elisapterosin-B (+)-Elisabethadione (+)-p-benzoquinone(1) (2) (3) (4) 
Fig-1 
 
The potent biological activity with complex molecular architecture and its restricted 
natural availability of colombiasin-A (The MeOH: CHCl3 (1:1) extract of the gorgonian 
(1kg of dry wt) to 12.6 mg of colombiasin-A), have made it attractive target for the total 
synthesis. In continuation with interest in synthesizing new agents for the treatment of 
tuberculosis, we aimed at studies directed towards the total synthesis of colombiasin-A. 
Colombiasin-A is a novel marine diterpenoid and structurally complex molecule 
with high functionalization, it has a tetracyclic carbon framework whose periphery is 
decorated with four methyl groups, two carbonyl functions, two double bonds and one 
hydroxyl group. In addition, this unprecedented molecular architecture includes six stereo-
genic centers, including two adjacent quaternary carbon atoms at its core, and its carbon 
frame work contains three six-membered rings that share a common carbon-to-carbon bond. 
To this propellane, a further cyclopentane ring is fused. 
Retro Synthetic analysis: 
The retro synthetic analysis revealed two key fragments: That is on the chiral 
conjugated (R)-2-Methyl-3E,5E-heptadienyl side chain 8 a,b (fragment A), and aromatic 
benzyl nitrile 9 a,b (fragment C). The two main fragments can be combined to get the 
colombiasin-A via C-C bond formation, intra-molecular Diels–Alder (IMDA) reaction and 
ring closing metathesis (RCM) (Scheme-1) 
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Scheme-1 
Present Work 
Synthesis of Fragment-A (racemic): 
The synthesis of building block A started from commercially available 
methacrylonitrile 15 which underwent Michael addition smoothly with benzyl alcohol in 
presence of catalytic amount of sodium hydride to give Michael adduct 16, which on 
hydrolysis in acidic medium followed by esterification afforded the ester 17. The ester was 
subsequently reduced with LiAlH4 to alcohol 18. This alcohol was treated with PBr3 in dry 
ether at 0 oC to convert to the bromo compound 19, which was then converted to 
phosphonium salt 20 using, triphenyl phosphine in refluxing benzene. The phosphonium 
salt underwent Wittig reaction with crotonaldehyde 21 smoothly in presence of LiHMDS 
leading to the diene 22.  
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Scheme-2 
 
Since deprotection of benzyl ether was troublesome at this stage, we went back and 
started with 17 (Scheme-3). 
Deprotection of benzyl ether in 17 with H2-Pd/C led to the alcohol 24. The alcohol 
was then mesylated under standard conditions using methanesulphonyl chloride and 
triethylamine in dichloromethane at -5 oC followed by replacement of mesylate with 
sodium thiophenol led to the sulfide 25. Reduction of the ester group to alcohol using 
LiAlH4 gave alcohol 11 which was protected as its TBS ether with tert-butyldimethylsilyl 
chloride, imidazole in CH2Cl2 to get 26. Treatment of 26 with m-chloroperoxybenzoic acid 
afforded sulfone 27. The sulfone 27 underwent aldol type reaction with crotonaldehyde 21 
at –78 oC, the resulting hydroxyl group was in situ acetylated with acetic anhydride to 
afford compound 28. The crude product 28 underwent anti-elimination in the presence Na-
Hg/MeOH to give (3E, 5E)-diene 22b. The TBS ether group was converted to halo 8 a, b 
by two-step sequence via., deprotection of TBS group followed by bromination or 
iodination under standard condition (Scheme-3).  
 
Me
BnO
COOMe
Me
OH
COOMe
Me
PhS
COOMe
17
H2-Pd/C
MeOH 2. PhSNa MeOH
24 25
 1. MsCl/ TEA  DCM
 
  Synopsis 
 
 V
 
Me
PhO2S OTBS
Me
PhS OH
Me
PhS OTBS
Me
OTBS
SO2Ph
OAc Me
OTBS
Me
OH
Me
X
n-BuLi
THF
1.
2. Ac 2O
Na-Hg
MeOH
m-CPBA
DCM
TBS-Cl
Imd, DCM
LiAlH4
THF
23 8 a) X= Br,
b) X= I
TBAF
THF
PBr3-Et2O
or
I2/TPP benzene
11 26 27
28 22b
21
 
Scheme-3 
The alcohol 11 was obtained via an alternative two-step process (Scheme-4). 
Thiophenol underwent Michael addition with ethylmethacrylate 29 in presence of DBU in 
benzene leading to the adduct 25, which was further reduced to alcohol 11 with lithium 
aluminium hydride in tetrahydrofuran at 0 oC. 
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Scheme-4 
Synthesis of fragment-A (Chiral): The conjugated (R) -2-Methyl-3E, 5E-heptadienyl 
side chain 8 a,b: 
 
Finally synthesis of chiral diene fragment -A was obtained through the Evans 
auxiliary mediated method. Commercially available L-(S) Phenylalanine was reduced with, 
I2/NaBH4 to give amino alcohol 31, and was further treated with diethyl carbonate in the 
presence of potassium carbonate to afford Evans auxiliary 32. This auxiliary was than 
treated with methacrilic acid 33 in the presence of pivolyl chloride, triethylamine and 
lithium chloride afford oxazolidinone 34. The oxazolidinone 34 underwent smooth 
diasteroselective (9:1) Michael addition with thiophenol in presence of titanium (IV) 
chloride in dichloromethane under anhydrous conditions at –78 oC to afford sulfide 35. 
The reductive elimination of the chiral auxiliary with LiAlH4 in THF gave 11. The 
auxiliary was recycled for further synthesis of chiral 11.  
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Scheme-5 
 
The chiral alcohol 11 was protected as its TBDMS ether using tert-
butyldimethylsilyl chloride and imidazole in anhydrous DCM. Then treatment of 26 with 
mCPBA afforded sulfone 27. Treatment of sulfone 27 with n-BuLi at −78 oC and then 
quenching with crotonaldehyde 21, followed by in situ acetic anhydride treatment afforded 
the acetyl protected aldol product 28. Elimination in the presence of Na-Hg/MeOH 
afforded anti-eliminated product, conjugated diene 22b, with 100% E- isomer and 98% ee. 
The 3E, 5E geometry of the conjugated diene was assigned from the examination of the 
magnitude of the vicinal coupling constants for the olefinic protons in 1H NMR spectrum 
of 22b. Deprotection of the TBDMS ether with TBAF proceeded smoothly to give free 
alcohol 23, which was converted to its halides using PBr3 or I2, triphenyl phosphine and 
imidazole in refluxing benzene (Scheme-5). 
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Synthesis of aromatic fragment B:  
The other key fragment of substituted benzaldehyde (fragment B) was prepared 
from the commercially available 2,6-dimethyl phenol 12. Accordingly, 12 was oxidized 
with Jones reagent to give the 2,6-dimethyl quinone 36, which was then reduced with 
sodium dithionate to give hydroquinone 37. The phenolic hydroxyl group was treated with 
dimethylsulfate in the presence of K2CO3 to give the protected compound 2,6-dimethyl 
1,4-dimethoxy benzene 38. The compound 38 underwent oxidation with Co(OAc)2 and 
Mn(OAc)2 under oxygen atmosphere, in AcOH at 130 oC to give 3-Methyl 2,5 dimethoxy 
benzaldehde 10a in high yield (Scheme-6).  
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Scheme-6   
Coupling of Fragment A and B: 
1. Through Grignard reaction: 
The coupling of the two fragments was tried through the Girgnard and other 
conditions (Table-1, Scheme-7), without any success. This may be due to the steric 
hindrance of methyl group present in 8 a,b.  
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Table 1: Reaction conditions 
Metal Conditions reaction
Mg ether/  at r.t 5h
2 ether/ reflux 3h
3 Mg / BiCl 3 THF/ r.t and reflux 4-5h
No reaction
time
4 Mg/ isopropyl bromide THF/ 0 oC to r.t and reflux -
5 Zn/ NH4Cl THF 1h
6 n-BuLi THF/ at 0 oC and reflux 3h
No reaction
7 n-BuLi THF/ -78 oC 1h
8 THF/ at 0 oC and reflux
12hn-BuLi/CuI
 
 
2. Through [1,2]-Wittig Rearrangement: 
As the coupling was unsuccessful we attempted to get the desired product 39 
through an alternative [1, 2]-Wittig rearrangement reduced fragment B to benzyl alcohol 
using NaBH4 in MeOH at 0 oC, which was then converted to the corresponding bromide 
41a with PBr3 in anhydrous ether. The bromo compound 41a was then replaced by sodium 
alkoxide generated by treating alcohol 23 with NaH in THF to afford the ether linked 
product 42. Compound 42 was treated with several bases under different conditions 
(Table-2) to get the rearranged product 39. But all efforts met with failure (Scheme-8).  
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Table 2: [1, 2]-Wittig rearrangement conditions 
Base Conditions reaction
MeLi ether/ 0 oC 2h
2 MeLi ether/ -78 0C 1h
3 MeLi THF/ reflux 12h
No reaction
time
4 LDA THF/ 0 0C 3h
5 LDA ether/ -78 0C 1h
6 LDA THF/ at 0 0C and reflux 12h
No reaction
7 n-BuLi THF/ -78 0C 1h
8 LDA THF/ at 0 0C and reflux 12h
9 tKOBu THF/ at 0 
0C and reflux 6h
 
 
For this reason we have changed the diene and aromatic fragment. In that we made 
the diene with one carbon homologated with NaCN in DMSO, followed by reduction with 
DIBAL-H to afford the homologated diene 43 in good yields. (Scheme-9).  
 
 
 
 Scheme-9 
Synthesis of substituted bromo benzene: 
The aromatic fragment, with one carbon less, was prepared from the aromatic 
bromo compound from o-cresol and 2-methyl resorcinol. 
Substituted bromo benzene 48 a,b can be prepared from o-cresol 14 or 2-methyl 
resorcinol 13. First 2-methyl resorcinol can be converted to 3-methoxy, 2-methyl phenol 
(44) with (CH3)2SO4 in K2CO3 in DMF at reflux conditions (Scheme-10).  
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Scheme-10 
The phenols 14, 44 were brominated with Br2 in acetic acid to give dibromo phenol 
45 a,b and were smoothly converted to quinone with CrO3 to afford 46 a,b, which was 
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then reduced with sodium dithionate gave hydroquinone 47 a,b. The phenolic hydroxyl 
group was treated with dimethylsulfate in the presence of K2CO3 to give rise to protected 
aromatic bromo compound 48 a,b (Scheme-11).  
 
 
 
 
 
 
 
 
 
 
 
Scheme-11 
 
3. Coupling of fragments through Grignard reaction: 
 
 
 
 
 
 
 
 
 
 Scheme-12 
Coupling of these fragments again through the Grignard reaction were carried out 
tried in different conditions as shown above (Table-1 and Scheme-12), but in this process 
the Grignard reagent of 48 when added to anhydrous homologated diene 43, there was no 
addition product identified as debromiated aromatic compound 49.  
This substituted bromo benzene was converted to the fragments B and as well as 
fragment C through the metal exchange reaction with n-BuLi in TMEDA and by 
quenching them with DMF to give aldehyde fragment B 10 a,b (Scheme-13). 
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Scheme-13 
Revised Retrosynthesis: 
 
 Finally the key intermediate 7a was obtained in linear processes from this 
intermediate to achieve the total synthesis of colombiasin-A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme-14 
 
3. Linear synthesis: 
The compound 10b was converted to 50 in Zn mediated Barbier allylation with 2-
methyl propenyl chloride in NH4Cl sat solution, in THF. Alcohol 50 was further protected 
as benzyl ether with BnBr/NaH in THF at reflux condition to result 51, which on 
hydroboration using BH3.DMS in THF afforded alcohol 52. This alcohol was oxidized 
with PCC to give aldehyde 53 in good yield. Treatment of aldehyde with crotylbromide 
triphenyl phosphonium salt in the presence of n-BuLi at room temperature afforded key 
intermediate 7c. 
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Scheme-15 
 
Attempts to get quinone 56 c from 7c were unsuccessful. Always the reaction 
resulted in different conditions. Due to the decomposition of diene system and led to 
unseparable mixtures of compounds. With this experience we planned for oxidation before 
diene formation. Unfortunately the Wittig olefination on 55 with crotyltriphenyl 
phasponium bromide was unsuccessful. 
 
 
 
 
 
 
 
 
Scheme-16 
Parallely, the coupling of two major fragments 9 a,b and 8 a,b was successful 
through the SN2 type reaction and thus allowing a way to the target molecule colombiasin-
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A. However the oxidation of 7 a,b to the corresponding quinone did not work so our 
expectations. Which may be because of the dienyl chain that gets decomposed with DDQ, 
CAN, and AgO/HNO3 conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme-17 
 
Presently attempts are going on in our laboratory for completion of the total 
synthesis of colombiasin-A with an alternative protecting groups viz. TBDMS or MOM 
and varying the reaction sequences. 
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CHAPTER-III, SECTION-A 
InCl3 Catalyzed [3+2] Cycloaddition Reaction: A Facile Synthesis of trans-
Dihydrobenzofurans and Cyclobutane Derivatives: 
 
CHAPTER-III: This chapter deals with new applications of indium trihalides as a non-
conventional Lewis acid catalyst for the selective functional group transformations. Indium 
bromide or iodide are gaining prominence as an unconventional and viable alternative for 
indium trihalides based Lewis acids, since it is commercially available and considerably 
more hydrolytically stable. 
In recent years, indium trihalides have emerged as mild and water-tolerant Lewis 
acid imparting high regio and chemoselectivity in various organic transformations. They 
can be conveniently used in both aqueous and non-aqueous medium and in addition, they 
can be recovered from aqueous layer on workup and recycled for use in subsequent 
reactions. Compared to conventional Lewis acids, indium trihalides have advantages of 
low catalyst loading, moisture stability and catalyst recycling. 
Since last few decades Lewis acid catalyzed c-c bond formation has been of great 
interest in organic synthesis because of their unique reactivity, as well as selectivity and for 
the mild conditions. While various kinds of Lewis acid promoted reactions have been 
developed and many have been applied in industry. 
Section I: InCl3- Catalyzed [3+2] Cycloaddition Reaction: A Facile Synthesis of trans-
Dihydrobenzofurans and Cyclobutane Derivatives: 
We focused our studies on InCl3, a new type of Lewis acid. This Lewis acid is 
stable to water and activates many nitrogen-containing compounds such as imines and 
hydrazones in both aqueous and non-aqueous solvents. In addition to its reactivity, it is 
easily recovered via aqueous workup and can be recycled in subsequent reactions. Due to 
these inherent properties exhibited by indium chloride, our group initiated a programme for 
developing new methodologies utilizing InCl3 as Lewis acid catalyst. 
Dihydrobenzofurans are found in many biologically important molecules, like 
Neolignans. Neolignans are a group of secondary plant metabolites structurally 
characterized by the presence of two-aryl propanoid units. One of these groups possesses 
the dihydrobenzofuran skeleton, all with trans stereochemistry. kadsurenone is a potent 
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and high specific Platelet-activating factor (PAF) antagonist. These are basically having 
dihydrobenzofuran structures (Fig-1). 
 
 
 
 
 
 
 
 
 
Fig-1 
Generally, acid catalysts are known to promote the [3+2] cycloaddition reaction of 
benzoquinones with electron rich olefins such as enamines, enols, enol ethers, thioenol 
ethers, allylsilanes, allylstannanes to give indole and dihydrobenzofuran derivatives. 
However, many of these methods involve the use of stochiometric amount of catalyst, 
strongly acidic or oxidizing conditions and also produce a mixture of products. Therefore, 
the development of novel reagents, which are efficient and lead to convenient procedures 
with improved yields, are desirable.  
In this methodology, we wish to report that indium trichloride as a mild and novel 
Lewis acid catalyst, for carbon-carbon bond forming reactions from (E)-propenyl benzenes 
and chemically oxidized 2-alkoxy benzoquinones or 2-alkoxy-6-alkyl-1,4-benzoquinones 
through the [3+2] cycloaddition reaction. 
Accordingly, the treatment of 2-alkoxy benzoquinones or 2-alkoxy-6-alkyl-1,4-
benzoquinones with electron rich olefins such as substituted (alkoxy) trans- 
propenylbenzene in the presence of catalytic amount of InCl3 (10 % mmol) or molecular I2 
(5 % mmol) in dichloromethane at room temperature resulted in the formation of trans 2,3-
dihydrobenzofurans in high yields. The trans-dihydrobenzofuran structures were strongly 
suggested by its 1H NMR spectrum and literature values.  
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For example, the treatment of 1,4-benzoquinone with trans-anethole (4-
propenylanisole) in the presence of 10 mol% InCl3 in dichloromethane resulted in the 
formation of trans-2-(4-methoxyphenyl)-3-methyl-2-(2R,3R)-2,3-dihydrobenzo[b]furan-5-
ol in 89 % yield (Scheme-1) In a similar fashion, various substituted alkenes reacted 
smoothly with 1,4-benzoquinone and 2-methyl-1,4-benzoquinone to afford the 
corresponding trans-2,3-dihydrobenzofuran in excellent yields (entries 3a-j). In all cases, 
the reaction proceeded well at room temperature with high trans-selectivity. 
 
 
 
 
 
 
Scheme-1 
 
The reaction of trans anethole and methyl vinyl ketones under similar conditions 
afforded the corresponding [2+2] cross-coupling product (trans-cyclobutane derivatives) in 
high yields (Scheme-2). 
 
 
 
 
 
Scheme-2 
 
In conclusion, indium trichloride has been demonstrated to be an efficient and mild 
catalyst for the synthesis of the trans-2,3-dihydrobenzofuran derivatives through [3+2] 
cycloaddition of 1,4-benzoquinones with electron rich alkenes. We believe this protocol 
will provide a useful entry to prepare trans-2,3-dihydrobenzofuran and trans-cyclobutane 
derivatives under mild and simple conditions, with high yields and reaction rates and 
cleaner reaction profiles making this method useful and attractive process for the synthesis 
of biologically important neolignins incorporating 2-aryl-2,3-dihydrobenzofuran 
framework. 
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Compd Alkene Product
10% InCl3
  Time (h) Yield (%)b
b
a
c
d
e
f
g
h
i
j
Table 1: Synthesis of Dihydrobenzofuran and Cyclobutane Derivatives from Quinones and Olefinsa
5% I2
Time (h)
Yield (%)b
2.5 89 3.5 85
4.0 85 5.0 83
3.5 92 5.5 89
3.0 94 5.0 90
4.0 89 4.5 87
5.0 87 6.5
84
5.5 84 5.5 80
3.5 92 5.5 89
3.0 91
4.0 89
4.0 89 4.5 87
l
m
5.5 79 5.0 75
k
4.0 82 4.5 77
4.0 82 4.5 77
aAll the products were characterized by 1H NMR, IR, and mass spectroscopy.
b Isolated and unoptimized yields.
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Section II: Intramolecular imino-Diels-Alder reactions in [bmim] BF4 ionic medium: 
Green protocol for the synthesis of tetrahydrochromanoquinolines: 
 
The Aza-Diels-Alder reaction is becoming a mainstay for heterocycle and natural 
product synthesis. Terahydroquinolines are a very important class of compounds in the 
field of drugs and pharmaceuticals as psychotropic, antiallergenic, anti-inflammatory and 
estrogenic agents. The imino-Diels-Alder reaction is a useful synthetic tool for 
constructing N-containing six-membered heterocycles such as tetrahydroquinolines, 
octohydroacridines, tetrahydrochromanoquinoles and dihydro-4-pyridones. Imines derived 
from aromatic amines act as heterodienes and undergo imino–Diels-Alder reactions with 
electron rich dienophiles. The most straightforward method for the synthesis of 
terhydrochromanoquinolines involves an acid catalysed intramolecular cyclisation of aryl 
amines with non activated olefins tethered to the diene system. 
Ionic liquids (ILs) have recently emerged as recyclable reaction media for the 
immobilisation of transition metal-based catalysts, Lewis acids and enzymes. They are 
being used as a set of green solvents with unique properties such as tenable polarity, high 
thermal stability, immiscibility with a number of organic solvents, negligible vapour 
pressure and ease of recyclability. They are referred to as ‘designer solvents’ as their 
properties such as hydrophilicity, hydrophobicity, Lewis acidity, viscosity and density can 
be altered by the fine-tuning of parameters such as the choice of organic cation, inorganic 
anion and the length of alkyl chain attached to an organic cation (Fig 2). 
 
N N BF4-n
n=1=[bmim]BF4
n=5=[octmim]BF4
n=3=[hmim]BF4
 
 
Fig-2 
 
In this section, we describe ionic liquids (ILs) as recyclable reaction media for the 
intramolecular [4+2] cycloaddition of aryl amines with o-phenyl derivatives of 
salicylaldehydes under neutral conditions (Scheme 1). 
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Scheme-1 
 
Treatment of aniline with the o-prenyl derivative of salicylaldehyde in the ionic 
liquid [bmim]BF4 at rt, afforded 7,7-dimethyl-6a,7,12,12a-tetrahydro-6H-chromeno[4,3-b] 
quinoline in 93% yield (entry a, Table1). The reactions proceeded smoothly in ionic liquid 
without the need for any additional acid catalyst. In this reaction, ionic liquids play a dual 
role as solvent and catalyst. Similarly, various aromatic imines underwent smooth 
intermolecular imino-Diels-Alder reaction to provide the corresponding 
tetrahydrochromanoquinolines. In most cases, the product were obtained as a mixture of 
cis- 3 and trans-isomers 4 in approximately 1:1 ratio. The diasteromers could be easily 
separated by simple flash chromatography. The stereochemistry of the products was 
assigned on the basis of coupling constants of the protons in the 1H NMR spectra and also 
by direct comparison with authentic samples. The diastereomeric ratio was determined 
from the NMR spectra of the crude products.  In the case of 1-hydroxy-2-naphthal, the 
product was obtained exclusively as a cis-isomer (entries 5j-m, Table 1).  
 
 
 
 
 
Scheme-2 
The exclusive formation of cis-isomer in the reactions between the o-prenyl 
derivative of 2-naphthal and aryl amines is presumably due to the steric effect of the 
naphthyl ring. 
A comparative study was carried in the absence of solvent (ionic liquid), the 
reaction did not proceed even after a long reaction time (8-12 h). In this reaction, the 
R1
R O
CHO R3
NH2R2
R1
R O
NH
R2
R3
H
H
R1
R O
NH
R2
R3
H
H
r.t
[bmim]BF4-
1 2 3 4
++
O
CHO
R3
NH2R2 O
NH
R2
R3
H
Hr.t
[bmim]BF4-
+
1 2 5
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efficiency of the ionic liquid was strongly influenced by the nature of the anion. The 
reactivity of aryl amines with the o-prenyl derivative of salicylaldehyde was studied in 
both hydrophilic [bmim]BF4 and hydrophobic [bmim]BF6 ionic liquids. of this 1-butyl-3-
methylimidazolium tetrafluoroborate [bmim]BF4 was found to be the most effective in 
terms of conversion and reaction rates. 
 
a)
b)
c)
d)
Entry Yield(%)Time(h)CatalystSolvent
a Aniline: O-prenyl salicylaldehyde= 1:1; 1 mmol of each compound used
Table 2: Comparative study of various solvents and catalysts for the condensation of aniline
with O-prenyl salicylaldehyde a
f)
g)
e)
h)
4.0[bmim]BF4 (3 mL) no catalyst
[hmim]BF4 (3 mL) no catalyst
[octmim]BF4 (3 mL) no catalyst
[bmim]BF6 (3 mL) no catalyst
CH3CN 5 mol% Yb(OTf)3
or 1% TFA
Diethyl ether 5 MLPDE
CH3CN 20 mol % PPh3.HClO4
CH3CN 10 mol % BiCI3
4.5
5.0
8.0
0.5
6.5
1.5
1.0
93
89
85
65
68
85
81
83
 
 
In addition the ionic liquid was easily recovered after the reaction and reused in 
subsequent reactions. The recovered ionic liquid was reused for three to five times without 
loss of activity. Even after the fourth cycle the product 3a/4a was obtained with a similar 
yield and purity of those obtained in the first cycle. The commercially available Fluka 
ionic liquids were used for this study. The purity of [bmim]BF4 ionic liquid ≥ 97% (NMR). 
The use of ionic liquids as the reaction media of this transformation helps to avoid the 
necessity of moisture sensitive reactant for heavy metal Lewis acids as promoters thereby 
minimizing the production of toxic waste during workup. Similar results were also 
obtained with ionic liquids having longer alkyl chain changing such as 1-hexl-3- 
methylimidazolium tetrafluoroborate [hmim] BF4 or 1-octyl-3-methylimidazolium 
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tetrafluoroborate[octmim] BF4 (see Table 2). Further we have studied the condensation of 
aryl amines with less reactive substrates such as 2-allyolxy benzaldehyde, 2-[(E)-2- 
butenyloxy] benzaldehyde, 2-[(Z)-2-butenyloxy] benzaldehyde, 2-[3phenyl-(E)-2-
propenyloxy] benzaldehyde using [bmim]BF4 ionic media.  Interestingly, these substrates 
gave a new class of chromanoquinolines, instead of expected 
tetrahydrochromanoquinolines (Scheme 3). However, these reactions proceeded only under 
heating conditions and the results are presented in (Table 3). 
 
 
 
 
Scheme-3 
In conclusion, we describe a novel convenient and one-pot procedure for the 
synthesis of chromanoquinolines through an intramolecular imino-Diels-Alder reaction of 
N-arylimines derived from aromatic amines and o-prenyl derivative of salicylaldehydes 
using air- and moisture- stable ionic liquid as a recyclable reaction medium. The ionic 
liquid plays a dual role as solvent and the promoter in this conversion. The aryl imines 
exhibit enhanced reactivity in ionic liquids thereby reducing the reaction times and 
improving the yield significantly. The simple experimental and product isolation 
procedures combined with ease of recovery and reuse of this novel reaction media is 
expected to contribute to the development of a green strategy for the synthesis of highly 
functionalized chromnoquinolines. 
O
CHO R
NH2
R1
O
R1
N
R
85-100 OC
[bmim]BF4-
+
1 2 10 R=H,CH3,Ph R=H,CH3
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CHO
O
NH2
NH2
F
NH2
Me
NH2
Cl
NH2
CHO
OO2N
CHO
OBr
CHO
O
NH2
NH2
NH2
Me
NH2
F
NH2
NH2
Me
NH2
Br
NH2
OMe
"
"
"
"
"
"
"
"
"
a)
b)
c)
d)
e)
Entry Yield(%) bTime(h)Producta      Anilinesalicylaldehyde
a: All products were characterised by 1H NMR and IR spectroscopy and mass spectrometry. 
b: Isolated and unoptimised yields.
Table 1: [bmim]BF 4- promoted synthesis of tetrahydrochromanoquinolines
f)
g)
h)
i)
j)
k)
l)
m)
3a/4a
3b/4b
3c/4c
3d/4d
3e/4e
3f/4f
3g/4g
3h/4h
3i/4i
5j
5k
5l
5m
4.0
3.5
4.0
5.5
6.5
7.5
6.0
5.5
4.5
3.5
3.0
3.5
2.5
93
90
88
86
85
75
81
78
85
94
92
88
92
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O
CHO
NH2
O
N
O
CHO
NH2
O
N
O
CHO
NH2
Me
O
N
Me
O
CHO
Ph NH2
Me
O
N
Me
Ph
O
CHO
NH2
O
N
100/24
85/16
85/14
90/22
a.
b.
c.
d.
e.
Entry Yield(%)bTemp. oC/Time(h)Product      Aniline
85/16
salicylaldehyde
1 2 10
56
75
80
65
71
a: All products were characterised by 1H NMR and IR spectroscopy and mass spectrometry. 
b: Isolated and unoptimised yields.
Table 3: [bmim]BF4- promoted synthesis of chromanoquinolines
 
